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COMPLETE SPECIFICATION. 
Catalytic Reaction. 



We, Chemical Construction Corpora- 
tion, a Corporation organized under the 
laws of the State of Delaware, United States 
of America, of 320 Park Avenue, New York 
22, State of New York, United States of 
America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly des- 
cribed in and by the following statement: — 

This invention relates to an apparatus for 
exothermic catalytic reactions, in which a 
gaseous reaction mixture is passed through 
two or more stationary catalyst beds in 
series, with interbed injection of cold re- 
action gas for temperature control. An im- 
proved unitary apparatus combination is 
provided, which accomplishes such reactions 
in an improved and more economical man- 
ner. The invention is particularly applicable 
to reactions which are carried out at ele- 
vated pressure, such as the synthesis of am- 
monia from its elements, synthesis of 
methanol from hydrogen and carbon mon- 
oxide, the Fischer-Tropsch synthesis of liy- 
drocarbons and high alkanols and similar 
hydrogenation reactions. 

A simplified apparatus for carrying out 
exothermic catalytic reactions is disclosed in 
U.S Patent No. 1,833,188. In this patent, 
the flow of reaction gas is annularly down- 
wards within the reactor shell, upwards 
through a coil in a heat exchanger section 
centrally upwards through a central conduit 
and downwards through the catalyst bed' 
The reacted gas passes through the heat ex- 
changer section external to the coil, and is 
finally removed from the bottom of the re- 
actor shell for external utilization. No pro- 
vision is made for temperature control with- 
in the catalvst bed, and thus the extent of re- 
action is limited by_ tha allowable tempera- 



ture rise during reaction in the single cata- 
lyst bed. 

An improved apparatus of the same 
nature with interbed temperature control is 
disclosed in U.S. Patent No. 1,921,776. In 
this case the feed gas is passed through a 
lower heat exchanger section, and then 
passes centrally upwards to an upper cata- 
lyst bed section. The heated and partially 
reacted gas flowing downwards from the 
upper catalyst bed is cooled by a lateral in- 
jection of cold unreacted gas. This arrange- 
ment is complex, and fails to provide com- 
plete and uniform mixing of the gas streams. 

According to the present invention there is 
provided a catalytic reactor for exothermal 
reactions comprising a vessel having at least 
two catalyst beds mounted therein one above 
another, a lower indirect heat-exchange sec- 
tion from which a central conduit for in- 
coming gases extends upwardly to above the 
uppermost catalyst bed. a gas baffle 
mounted between a pair of beds to provide 
an annular opening about the central con- 
duit, a cold gas duct which is co-axial and 
external of the conduit and terminates at the 
annular opening, and means for passing the 
gases leaving the lowermost bed through the 
indirect heat exchange section. 

Thus in the present invention, an im- 
proved and simplified apparatus arrange- 
ment is provided, which accomplishes inter- 
bed temperature control by gas mixing in an 
improved manner. The main stream of feed 
gas is preferably conducted downwards in 
the reactor shell in the annular space be- 
tween the shell and an inner circulation 
P? ate * The gas stream then flows upwards 
through a lower heat exchanger section, and 
finally through a central conduit which ex- 
tends upwards from the heat exchanger sec- 
tion to the top of the upper catalyst bed sec- 
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tion. The gas flows downwards through the 
upper catalyst bed, and is diverted inwards 
by a lower gas baffle. An annular opening 
is provided between the gas baffle and the 

5 central conduit, and the downflowing par- 
tially reacted gas is mixed with cold gas. 

The cold unreacted gas is conducted into 
the reactor sHell in a unique manner. A 
lower inlet duct is provided for cold gas, ex- 

10 tending centrally upwards through the heat 
exchanger section. A conduit is provided 
external to the central conduit, and extends 
upwards from the heat exchanger section 
terminating at the annular opening between 

15 the gas baffle and the central conduit. The 
gas is centrally passed from the inlet duct to 
the annular passage external to the central 
conduit, and thus passes upwards centrally 
to quench-cool the partially reacted gas from 

20 the upper catalyst bed. The resultant mixed 
gas stream then is dispersed into the lower 
catalyst bed, flowing downwards for final re- 
action. The fully reacted gas passes down- 
wards through the heat exchanger section for 

25 cooling, and is finally removed from the 
reactor shell for external utilization. 

In cases where three or more catalyst beds 
are provided in the reactor, interbed cooling 
between succeeding beds is attained by pro- 

30 viding a plurality of coaxial concentric lower 
inlet ducts, which extend centrally upwards 
through the heat exchanger section. A first 
stream of cold gas is passed through the 
innermost duct, for interbed cooling of the 

35 gas stream between the first and second cata- 
lyst beds as described supra. Succeeding 
streams of cold gas are passed through the 
annular passages between the concentric 
ducts, for interbed cooling after the second 

40 and succeeding catalyst beds. A plurality of 
annular conduits is provided external to the 
central conduit which extends centrally up- 
wards from the heat exchanger section to the 
top of the first catalyst bed and conducts the 

45 main stream of warmed unreacted gas to the 
catalyst bed section. Each succeeding an- 
nular conduit, of larger diameter than the 
previous one, terminates at the next lower 
catalyst bed to provide interbed cooling be- 

50 tween successive catalyst beds. The annular 
streams of cold gas are centrally conducted 
from the annular passages between lower in- 
let ducts to respective annular passages be- 
tween the annular conduits. 
55 The transfer of cold gas to annular pas- 
sages between the annular conduits is pre- 
ferably carried out by provision of a central 
cylindrical block between the heat exchanger 
and catalyst bed sections. The central block 
60 is provided with a plurality of radial hori- 
zontal passages, for transfer of warmed un- 
reacted gas from the heat exchanger section 
to a cental chamber from which the cen- 
tral conduit described supra extends up- 
65 wards. The central block is also provided 



with a plurality of vertical passages, for 
centralized transfer of cold gas from the 
lower inlet duct or ducts to the annular pas- 
sages between the annular conduits. 

The unitary apparatus combination of the 70 
present invention has a principal advantage 
in that no expansion joints are required to 
accommodate for thermal expansion in ser- 
vice. As wUl appear infra, the accommoda- 
tion between the several apparatus elements 75 
serves to accomplish the flow of process gas 
in a centralized manner, thus eliminating dif- 
ferential expansion and expansion joints. In 
addition, complete and uniform quench cool- 
ing of the partially reacted gas stream by the 80 
cold gas is accomplished, with uniform mix- 
ing and an avoidance of channeling or un- 
equal temperature levels in the partially re- 
acted gas. Finally the apparatus of the pre- 
sent invention is relatively simple and may 85 
be readily fabricated and assembled. Thus 
the capital cost of the assembled reactor unit 
is substantially lowered. 

The invention will now be described with 
particular reference to the accompanying 90 
drawings in which: 

Figure 1 is an overall elevation view of the 
apparatus of the present invention, showing 
a simplified case of two catalyst beds in 
series, . 95 

Figure 2 is an enlarged elevation view of 
the gas baffle and whirl vanes assemblage of 
the apparatus, 

Figure 3 is a sectional view of Figure 2, 
taken on section 3 — 3, 100 
Figure 4 is an enlarged plan view of the - 
central block for centralized transfer of both 
warmed unreacted gas and cold by-pass 
quench gas, m 

Figure 5 is a sectional elevation view of 
Figure 4, taken on section 5 — 5, . 

Figure 6 is an elevation view of an alter- 
native apparatus arrangement of the present 
invention, showing the co-acting combination 
of apparatus elements to be provided when HO 
the number of catalyst beds is three or more 
in series, and interbed cooling is attained 
between more than two catalyst beds. 

Fieure 7 is an enlarged plan view of the 
modified central block of Figure 6, for cen- 115 
tralized flow of both warmed unreacted gas 
and first and second streams of cold by-pass 
quench gas, and 

Figure 8 is a sectional elevation view of 
Figure 7, taken on section 8 — 8. 120 

Referring now to Fieure 1, the main feed 
gas stream Tl is passed into reactor shell 2 
bv means of feed nozzle 3. which is prefer- 
ablv disposed with an outlet opening tan- 
gential to the inner wall of shell 2. The tan- 125 
genial orientation of nozzle 3 imparts a 
whirling, cyclonic motion to the eras stream 
within the shell and thus provides a more 
uniform flow pattern for the gas stream with- 
in the reactor shell. The feed gas stream 130 
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now flows downward in the annular space 
between optional outer vertical circulation 
plate 4 and the wall of shell 2. The gas 
'stream thus serves to cool the shell 2 by 
5 insulating the shell from the catalyst beds 
and other internals. In addition, a further 
insulating effect is obtained by providing an 
inner circulation plate 5 parallel to optional 
plate 4. The resulting gas space between the 
10 parallel plates 4 and 5 acts as an effective 
thermal barrier. 

The downflowing feed gas stream is now 
diverted by lower tube sheet 6 into the lower 
heat exchanger section and external to ver- 
15 tical tubes 7 which contain downflowing hot 
reacted gas. The feed gas is provided with a 
horizontal flow component transverse to 
tubes 7 by means of horizontal baffles 8, and 
thus the rising feed gas is warmed in the heat 
20 exchanger section by heat exchange with the 
hot reacted gas within tubes 7. The warmed 
feed gas next passes from the upper part of 
the heat exchanger section and through a 
group of horizontal passages in central block 
25 9. The feed gas thus collects in a central 
chamber in block 9, and passes upwards 
through central conduit 10 to the top of 
upper catalyst bed 11. 
The warmed feed gas now passes down- 
30 wards through upper catalyst bed 11, and 
partial catalytic reaction or conversion takes 
place, with concomitant temperature rise. 
The warmed and partially reacted gas stream 
passes through catalyst support grid 27 and 
35 is diverted inwards below the bottom of bed 
11 by gas baffle 12, which may be flat but 
is preferably in the form of an inverted 
truncated cone to obtain more uniform flow 
of gas. The partially reacted gas stream 
40 thus is directed centrally, and passes gas 
baffles 13, which as will appear infra are pre- 
ferably in the form of whirl vanes. Auxiliary 
horizontal baffles 14 may also be provided 
to divert and direct the gas stream through 
46 baffles 13. 

The warmed and partially reacted gas 
stream leaving the upper catalyst bed 11 is 
now quench-cooled by mixture with upflow- 
ing cold feed gas, which is added through the 
60 annular space between central conduit 10 
and concentric outer conduit 15. The cold 
feed gas stream is admitted as stream 16 
into the lower portion of the reactor shell, 
passing upwards through lower central inlet 
66 duct 17. A retention baffle 18 is provided 
external to duct 17, and serves to direct gas 
flow on the shell side of the heat exchanger 
section in conjunction with baffle 8. Th<* 
rising cold by-pass gas stream is discharged 
60 from duct 17 into a gas manifold defined 
by lower horizontal baffle 19 below 
central block 9. The gas stream next passes 
upwards through a plurality of vertical 
passages in block 9, and thence into the 
65 annular space between central conduit 10 



and outer concentric conduit 15, for final 
mixing with the warm partially reacted gas 
from upper bed 11. 

The quench-cooled and partially reacted 
gas stream now passes downwards through 70 
lower catalyst bed 20, and final reaction or 
catalytic conversion of the gas stream takes 
place. The hot and fully converted gas 
stream then passes through catalyst support 
grid 21, and is diverted by upper tube sheet 75 
22 into heat exchanger tubes 7. The con- 
verted gas stream is cooled in tubes 7, and 
is discharged from the lower ends of tubes 
7, passing via outlet nozzle 23 to external 
utilization as stream 24. 80 

In Figure 2, an enlarged elevation view of 
the gas baffle and whirl vanes assemblage of 
the present invention is shown in detail. The 
baffle 13 preferably consists of a plurality of 
streamlined air-foil shaped vertical whirl 85 
vanes, which serve to impart a whirling cir- 
cular motion to the downflowing warm gas. 
This flow sequence serves to provide uni- 
form mixing of the warm partially reacted 
gas with the upflowing cold by-pass gas 90 
which is flowing upwards in the annular 
space between central conduit 10 and outer 
concentric conduit 15. 

Figure 3 is a plan view of Figure 2, taken 
on section 3 — 3, and illustrates the flow of 95 
the warm partially reacted gas stream 
through the streamlined, air-foil shaped 
whirl vanes of baffle 13. This preferred con- 
figuration imparts a whirling circular flow to 
the gas stream, as well as a downwards flow 100 
component, and thus the downflowing gas 
stream is uniformly mixed with the rising 
quench stream of cold by-pass gas. 

Figure 4 is an enlarged plan view of the 
central block 9, which provides for central- 105 
ized flow of warmed unreacted gas from the 
heat exchanger section to the central cham- 
ber below the circular central conduit 10 via 
radial horizontal passages 25. In addition, 
block 9 simultaneously provides for flow of 110 
cold by-pass gas stream 16, centralized with 
respect to the overall reactor internals, from 
the central inlet duct 17 to the annular pas- 
sage between central conduit 10 and outer 
concentric conduit 15 via separate vertical 115 
passages 26 which extend through sectors of 
the block between adjacent passages 25. Cen- 
tral block 9 thus provides for simultaneous 
centralized flow of two separate gas streams, 
namely the warmed unreacted gas and the 120 
cold by-pass gas. 

Figure 5 is a sectional elevation view of 
Figure 4, taken on section 5 — 5, and further 
shows the relation between the horizontal 
passages 25 and discrete vertical passages 125 
26 within central block 9. In addition, sec- 
tions of contiguous and adjacent apoaratus 
elements co-acting with central block 9 are 
also shown in Figure 5. 
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Various alternatives within the scope of 
the present invention will occur to those 
skilled in the art. Thus, it will be apparent 
that the central block 9 may alternatively 
& be replaced by a substitute arrangement in- 
volving a group of gas baffles and pipes. 
Thus, the horizontal passages 25 in block 
9 could be replaced by a series of hori- 
zontal pipes extending from an outer cylin- 
10 drical baffle to an inner cylindrical baffle. 
The inner baffle would serve to define a cen- 
tral chamber below central conduit 10. The 
annular space between the baffles and ex- 
ternal to the pipes would serve to conduct 
15 the cold by-pass gas from the lower inlet 
duct 17 to the annular space between con- 
duits 10 and 15. 

Alternative arrangements may also be pro- 
vided for the whirl vanes baffles 13, Thus, 
20 baffles 13 may be flat or curved, however in 
this case smooth streamline flow of warmed 
gas from bed 11 into a whirling circular 
flow prior to mixing of the gas with cold 
by-pass gas is not as readily attained. In 
25 another alternative and simplification of the 
apparatus, baffles 13 and 14 may be totally 
omitted. This alternative is relatively less 
desirable, since uniform mixing of the gas 
streams may not be attained. 
30 As mentioned supra, gas circulation plates 
4 and 5 may alternatively consist merely of 
a single plate, however in this case the desir- 
able insulating effect is not attained. 

An alternative modification of the basic 
35 apparatus concept of the invention is pre- 
sented in Figure 6. In this case, an arrange- 
ment is illustrated whereby cold by-pass gas 
may be emitted in a plurality of streams to 
separately quench the hot partially converted 
4& gas stream after a plurality of partial 
. reaction catalyst beds. The basic modifica- 
tion of Figure 6 compared to Figure 1 is 
that three catalyst beds in series are illus- 
trated, with interbed cooling of the main 
45 gas stream by addition of separate streams 
of cold by-pass gas after the first and second 
beds. 

In Figure 6, the main feed gas stream 
61 is passed into reactor shell 28 by means 

50 0 f feed nozzle 29. The feed gas stream 
now flows downward in the annular space 
between optional outer vertical circulation 
plate 30 and the wall of shell 28. The gas 
stream thus serves to cool the shell 28 by 

55 insulating, the shell from the catalyst beds 
and other internals. In addition, a further 
insulating effect is obtained by providing 
inner circulation plate 31 parallel to optional 
plate 30. The resulting gas space between 

60 the parallel plates 30 and 31 acts as an effec- 
tive thermal barrier. 

The downflowing feed gas stream is now 
diverted by lower tube sheet 32 into the 
lower heat exchanger section and external 

65 to. vertical tubes 33 which contain down- 



flowing hot reacted gas. The feed gas > is 
directed and provided with a horizontal flow 
component transverse to tubes 33 by means 
of horizontal baffles 57 and vertical baffle 
60, and thus the rising feed gas is warmed 70 
in the heat exchanger section by heat ex- 
change with the hot reacted gas within tubes 
33. The warmed feed gas next passes cen- 
trally inwards from the upper part of the 
heat exchanger section and through a group 75 
of horizontal passages in central block 34. 
Block 34 is similar to block 9 described 
supra, except that two sets of independent 
vertical passages for transfer of cold by-pass 
gas streams are provided in the block, as 80 
will appear infra. The warmed feed gas, 
passing through the horizontal passages in 
central block 34, collects in a central cham- 
ber in block 34, and passes upwards through 
central conduit 35 to the top of upper cata- 85 
lyst bed 36. 

The warmed feed gas now passes down- 
wards through upper catalyst bed 36, and 
partial catalytic reaction or conversion takes 
place, with concomitant temperature rise. 90 
The warmed and partially reacted gas stream 
is diverted inwards at the bottom of bed 
36 bsJow catalyst support grid 62 by gas 
baffle 37. which is preferably of an inverted 
truncated conical configuration similar to 95 
baffle 12 described supra. The partially re- 
acted gas stream thus is directed centrally, 
and passes vertical gas baffles 38, which are 
preferably in the form of streamlined air-foil 
shaped vertical whirl vanes, similar to baffles 100 
13 described supra. Auxiliary horizontal 
baffles 39 are also provided to direct and 
divert the gas stream through baffles 38. 

The warmed and partially reacted gas 
stream leaving upper catalyst bed 36 is now 105 
quench-cooled by mixture with a first stream 
of upflowing cold by-pass feed gas, which 
is added through the annular space between 
central conduit 35 and the first concentric 
outer conduit 40. This first stream of cold 110 
by-pass gas is admitted at the lower end of 
the reactor shell as stream 41, passing up- 
wards through lower central inlet duct 42. 
The rising first stream of cold by-pass gas 
is discharged from duct 42 into a gas mani- 115 
fold below central block 34 defined by lower 
horizontal baffle 43. The by-pass gas stream 
next passes upwards through a plurality of 
inner vertical passages in block 34, and 
thence into the annular space between cen- 120 
tral conduit 35 and the first outer concen- 
tric conduit 40, for mixing with the warm 
partially reacted gas from upper bed 36. 

The quench-cooled and partially reacted 
gas stream now passes downwards through 125 
middle catalyst bed 44, and further reaction 
or catalytic conversion of the gas stream 
takes place, with concomitant temperature 
rise. The warmed and further reacted gas 
stream is diverted inwards at the bottom 130 
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Of. bed 44 below catalyst support grid 63 by 
gas baffle 45, which is preferably of a con- 
figuration similar to baffle 12 described 
'supra. »The further reacted gas stream thus 

6 is directed centrally, and passes vertical gas 
baffles 46, which* are preferably of a stream- 
lined, air-foil shaped whirl vanes configura- 
tion similar to baffles 13 described supra. 
Auxiliary baffles 47 are also provided to 

10 direct and divert the gas stream through 
baffles 46. 

The warmed and further reacted gas 
stream leaving middle catalyst bed 44 is now 
quench-cooled by mixture with a second 
15 stream of upflowing cold by-pass feed gas, 
which is added through the annular space 
between the first concentric outer conduit 40 
and the second concentric outer conduit 48. 
This second stream of cold by-pass gas is 
20 admitted at the lower end of the reactor shell 
as stream 49, passing upwards through the 
annular space between lower central inlet 
duct 42 and concentric outer inlet duct 50. 
The rising second stream of cold by-pass 
. 26 gas is discharged from the annular space be- 
tween ducts 42 and 50 into a gas manifold 
below central block 34 defined between 
baffles 43 and 51. The second stream of 
cold by-pass gas next passes upwards 
30 through a plurality of outer vertical passages 
in block 34, and thence into the annular 
space between conduits 40 and 48, for mix- 
ing with the warm further reacted gas from 
middle bed 44. 

The quench-cooled and further reacted gas 
stream now passes downwards through lower 
catalyst bed 52, and final reaction or cata- 
lytic conversion of the gas stream takes 
place. The hot and fully converted gas 
stream then passes through catalyst support 
grid 53, and is diverted by upper tube sheet 
54 into heat exchanger tubes 33. The con- 
verted gas stream is cooled in tubes 33, and 
is discharged from the lower ends of tubes 
45 33. passing via outlet nozzle 55 to external 
utilization as stream 56. 

It will be apparent that the apparatus con- 
cept of Figure 6, in which a plurality of 
concentric lower inlet ducts is combined with 
50 a plurality of sets of vertical passages in 
central block 34 and a plurality of concen- 
tric upper conduits, may be extended to pro- 
vide separate flow of cold by-pass quench 
gas to any number of catalyst beds in series. 
55 Thus the apparatus concept of the present 
invention may be broadly extended to multi- 
bed catalytic conversion, regardless of the 
number of separate catalyst beds. 
Figure 7 is an enlarged plan view of the 
60 central block 34 of Figure 6, which, pro- 
vides for centralized flow of warmed un- 
reacted gas from the shell of the heat ex- 
changer section to the central chamber be- 
low the circular central conduit 35 via radial 
65 horizontal passages 57. In addition, block 



34 simultaneously provides for flow of a first 
stream 41 of cold by-pass gas, centralized 
with respect to the overall reactor internals, 
from the central lower inlet duct 42 to the 
annular passage between central conduit 35 70 
and concentric outer conduit 40 via the 
separate inner group of vertical passages 58 
which extend through sectors of the block 
34 between adjacent passages 57. Finally, 
block 34 also provides for flow of the second 75 
stream 49 of cold by-pass gas from the 
annular passage between central lower inlet 
duct 42 and concentric outer duct 50 to 
the annular passage between concentric outer 
conduit 40 and concentric outer conduit 48 80 
via the separate outer group of vertical pass- 
ages 59 which extend through sectors of the 
block 34 between adjacent passages 57 and 

Earallel to inner vertical passages 58. Cbntral 
lock 34 thus provides for simultaneous cen- 85 
tfalized flow of three separate gas streams, 
namely the warmed unreacted gas, first cold 
by-pass stream 41, and second cold by-pass 
stream 49. 

Figure 8 is a sectional elevation view of 90 
Figure 7, taken on section 8 — 8, and further 
shows the relation between the horizontal 
passages 57 and discrete vertical passages 
58 and 59 within central block 34. In addi- 
tion, contiguous and adjacent apparatus ele- 95 
ments coacting with block 34 are also 
shown in Figure 8. 

Other alternative apparatus arrangements 
within the scope of the present invention, be- 
sides those described supra, will occur to 100 
those skilled in the art. In addition, it will- 
be understood that various auxiliary appara- 
tus elements and converter appurtenances, 
such as start-up gas heater, control thermo- 
couples and stuffing boxes will also be pro- 105 
vided in practice. These apparatus elements 
and details have been omitted from the des- 
cription supra in the interest of clarity, as 
the provision of such elements is well-known 
to those skilled in the art. Thus for ex- 110 
ample, referring to Figure 6. a start-up elec- 
tric resistor type of gas heater could be pro- 
vided extending downwards through feed 
nozzle 29 and passing directly through gas 
baffles 30 and 31 into central conduit 35 to 115 
heat the upflowing stream of feed gas to 
upper catalyst bed 36. 

WHAT WE CLAIM IS: — 

1. A catalytic reactor for exothermal re- 
actions comprising a vessel having at least 120 
two catalyst beds mounted therein one above 
another, a lower indirect heat-exchange sec- 
tion from which a central conduit for incom- 
ing gases extends upwardly to above the 
uppermost catalyst bed, a gas baffle mounted 125 
between a pair of beds to provide an annular 
opening about the central conduit, a cold 
gas duct which is co-axial and external of 
the conduit and terminates at the annular 
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opening, and means for passing the gases 
leaving the lowermost bed through the in- 
direct heat exchange section. 

2. A catalytic reactor according to claim 
1, wherein there are at least three beds with 
gas baffles between each adjacent pair of 
beds and at least two cold gas ducts co- 
axial and concentric, one duct terminating 
at each gas baffle. 

3. A catalytic reactor according to either 
of claims 1 and 2, wherein each gas baffle is 
an inverted truncated cone. 

4. A catalytic reactor according to any 
one of claims 1 to 3, wherein there is pro- 
vided a central cylindrical block with a plur- 
ality of horizontal passages to pass unreacted 
gases from the heat-exchanger to the central 



conduit and a plurality of vertical passages 
to distribute cold gases to the duct or ducts. 

5. A catalytic reactor according^ to any 
one of the preceding claims, wherein* a plur- 
ality of whirl vanes is provided at each 
annular opening. 

6. A catalytic reactor according to claim 
5, wherein the vertical whirl vanes are of 
streamlined air-foil shape. 

7. A catalytic reactor substantially as 
hereinbefore described and as shown in the 
accompanying drawings. 

STEVENS, LANGNER. PARRY 
& ROLLTNSON, 
Chartered Patent Agents, 
Agents for the Applicants. 
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